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(54) FLAME-RETARDANT EPOXY RESIN COMPOSITION AND LAMINATE MADE WITH THE SAME 



(57) A name-retardant epoxy resin composition 
comprising an epoxy resin, a curing agent, and a metal 
iiydroxide, wtierein tiie curing agent is a pfienofic resin 
(C) containing, In the moiecular chain, structural units 
derived from a piienoi (A) and structural units derived 
from an aromatic compound (B) other ttian the phanof 



(A), or tha epoxy resin is a novofac epoxy resin (D) ob- 
tained by subjecting th& ptienolic tiydroxyi groups of the 
phenolic resfn (C) to etherJflcatton with glycidyl. The 
composition has a high degree of fiame retardancy. 
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Description 
Technicai Filed 

5 [0001] The present invention rciatss to a fiame-retardant epoxy resin composition superior in flame retardancy and 
safely, as we!i as to a varnish solution, a prepreg and a laminate ali mads with the composition. 

Bsckflround Art 

10 [0002} In an epoxy rssin compositicin required to have flame retardancy for tire prevention, tfisre have generally 
been used a halogen-based flame retardant and, as an auxiliary flame retardam, antimony trioKlde, 
[0003] Use of such aflame retardant and such an auxiliary flamo retardant in an epoxy resin composition gives rise 
to a safety problem and. moreover, incurs metal corrosion. For these reasons, sucli an epoxy resin composition has 
had problems in application. For example, when sucl-i an epoxy resin composition is used as an insulating material for 

IS eiectronlc part, tiiere iiave occurred, in some cases, reduction in corrosion resistance of wiring particulariy at high 
temperatures and resultant deterioration of reliability of the electronic part. Therefore, It has been desired to develop 
an epoxy resin composition using neither halogen-based (lame retardant nor antimony tnoxlds. 
100041 As a means for imparting ffame retardancy to an epoicy resin composition without using any halogen-based 
flame retardant or the like, it is known to compound a metal hydroxide in an epoxy resin composition. Expression of 

so flame retardancy by metal hydroxide is du s to the ignition-prevenf Ing action by the temperature decrease (endothemnics 
reaction) of cured resin and is regarded as an auxiliary means for imparting flame retardancy. Thsrefonj, use of a large 
amount of the metal hydroxide is required in order to obtain sufficient flame retardancy by sucii an endothennlc reaction. 
Tills results in a significant reduction in motdability, etc. when such an epoxy resin composition is used in applications 
such as electronic part and the like, and the actual use of the epoxy resin composition has been difficult. 

2S [pOOS] When a metai hydroxide is used in a large amount in an epoxy resin composition, particulariy for production 
of a {fame-retardant laminate by impregnation of the resulting epoxy resin composition Into a glass fiber or the like and 
subsequent curing of ttis composition, various problems arise. These problems are described below. 
[OOOSJ The first problem is reduction in the processability of the laminate obtained. With respect to this, for example, 
the pages 270 to 271 of "Latest Techniques of Flame Retardan* and Flame Retardation (published or Jufy 30, 1999 

so from Teehnlcaf tnfonriation institute Co., Ltd.)" describe that addition of a large amount (75% by mass reiative to total 
epoxy resin composition) of aluminum hydroxide can achieve UL 94 V-0, but such an addition amount is unrealistic in 
practical application and "gives rise to problems in punching and driiiing in printed wiring board production as well as 
in soldering in parts mounting". 

[00071 The second protafem is Increase in dielectric constant and reduction in moieture resistance and soldering heat 
3S resistance. While these properties must be maintained at sufHcient levels in laminate applications, metal hydroxides 
are hygroscopic and have high dielectric constants; therefore, addition of a large amount of a metal hydroxide invites 
reduction in the above properties. 

{pooSj Thus, with the means of adding a metal hydroxide to an existing epoxy resin, it has been difficult to achieve 
a high degree of fiame retardancy while keeping the properties required for laminate applications, at high levels. 

■*o [0009| Meanwhile, various Studies have been madeon Imparting flame retardancy by change of the molecular struc- 
tu rs of arj epoxy resin or a curing agent. In JP-A-11 -1 40277 is disclosed a flame-retardant-free epoxy resin composition 
used for encapsulation of semiconductor device, containing, as essential components, a phenolic resin of novoiac 
structure containing, in the molecule, a btpheny! derivative and/or a naphthalene derivative, an epoxy resin of novoiac 
structure containing, in the moiecule, a bipheny! derivative and/or a ns^hthalene derivative, an inorganic iilier and a 

4S cLt r f n g acce I erato r. 

[OOtOJ In the above epoxy resin composition used for encapsulation of semiconductor device, the phenolic resin 
and-the epoxy resin both having, in the stmcture, a potycyclic coiTipound(s) such as blphenyl derivative, naphthalene 
derivative and/or the like are reacted to form a crosslinked structure; therefore, the composition, when ignited, shows 
rubber-like expansion at the surface to fomi a foamed layer. This foamed layer shteicfe the suppiy of heat and oxygen 

50 to the unburnt portion, whereby a high degree of flame retardancy is expressed. 

[0011] The above resin composition, however, is designed so as fo tit an application of semiconductor device en- 
capsulation and therefore, when used ior applications such as laminate and the like, shows no sufficient flams retar- 
dancy. This is owing to the tact that since a laminate contains titerein a substrate such as a woven and nonwoven 
glass fabric which prevent the defomiation (expansion) of the resin component, formation of a sufficient amount of a 

55 stable foamed layer In the laminate during its ignition ts difficult. 
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Disclosure of the invenCon 

£0012] The present inventton has been made in view of the above-mentioned situation and aims at providing a flame- 
retardant epoxy resin composition showing a high degree of fiame retafdancy and safeV both of which have been 

5 unobtainable with the prior art, 

[0013] The present invention aims, in particuiar, at allowing a flanne-retardant epoxy resin composition used for pro- 
duction of a laminate, to have a high degree of Ilame retardancy while having the properties to be possessed by the 
laminate, i.e. prooessabiiity, dielectric properties, moisture resistance, soldering heat resistance and the lt!<e. 
[001 4] tn order to achieve the above aim, the present Invention provides a flame-retardant epoxy resin composition 
fo comprising an spoxy resin, a curing agent and a metai hydroxide, 

wherein the curing agent is a phenolic resin (C) containing, in a molecular chain, a structurai unit derived from a 
phenol (A) and a structurai unit cJerivecJ from an aromatic compound (B) other than the phenol (A). 
[001 5] The present Invention also provides a f (ame-nstardant epoxy resin composition comprising an epoxy resin, a 
curing agent and a metai hydroxide, 

wherein the epoxy resin is a novofac epoxy resin (0) obtained by giycid^letheri^lng a piienoiic iiydroxyl group 
of a phenolic resin (C) containing, in a moiecuiar chain, a structural unit derived from a pheno! {A) and a sfiuctural unit 
derived Jrom an aromatic compound (B) other than the phenol (A). 

[001 8] The present invention also provides a flame-retardant epoxy resin composition comprising an epoxy resin, a 
curing agent and a metal hydroxide, 

so wherein the curing agent is a phenoiic resin (G) containing, in a moiecuiar chain, a structural unit derived from a 

phenol (A) and a structurai unit derived from an aromaJfc compound (B) other than the phenol (A), and 

the epoJQT rssin Is a novolac epoxy resin (D) obtained by glycldyletherifying a phenolic hydroxy! groupef aphsnollo 
resin (C) containing, in a molecular chain , a structural unit derived from a phenol (A') and a sfructurai unit derived from 
an aromatic compound {B') other ttian the phenoi (A'). 

ss [0017] In the flame-retardant epoxy resin composition, the phenol (A), the aromatic compound (B) and the phenolic 
resin (C) may be the same with or different from the phenol (A'), the aromatic compound {&) and the phenolic resin 
(C), respectively. Inddentaily. the descriptions on the phenol (A), the aromatic compound (B) and the phenoiic resin 
(C), made in this specification apply also to the phenol (A), the aromatic compound (B') and the phenolic resin (C). 
[001 8| The present invention also provides an epoxy resin varnish solution obtained by dispersing the above f iame- 

$0 retardant epoxy resin composition in an organic soivent; a prepreg obtained by impregnating the above flame-retardant 
epoxy resin composition into a substrate and curing the impregnated composition; and a laminate obtained by lami- 
nating a plurality of the prepregs and hot-pressing them. 

[00193 tfis present invention, a phenolic resin and an epoxy resin having the ebove-menttoned particular structure, 
and a metal hydroxide are used in combination, whereby a high degree of flame retardancy is resilzed. By using, in 
35 particular, a combination <rf a phenolic resin of the above particular structure and an epoxy resin of the above particular 
structure, even higher flame retardancy is obtained. 

[0020] The f tame-ratardant epoxy resin compositiofi of the present invention comprises a phenolic resin (C) contain- 
ing, in the moiecuiar chain, structural units derived from a phenol (A) and structural units derived from an aromatio 
compound (B); and/or an epoxy resin (D) obtained by subjecting the phenolic hydroxyl groups of the phenolic resin 
40 (C) to etherlficatlon with giycidyi; and further comprises a metat hydroxide. Owing to the syneigistlc effect of these 
components, a high degree of flams retardancy is obtained as described beiow. 

[0021] As mentioned in the section of the prior art, the cured material of an epoxy resin composition In which a 
phenoiic resin (C) and/or an epoxy resin (0) both containing an aromatic compound (S) in the molecular skeleton, form 
a crosslinked structure, generates a deoomposition gas inside when ignited, gives rise to rubfaer-iike expansion of the 

'*s surface resin layer, andfoim a stable foamed layer; thereby, flame retardancy is expressed. With such an action alone, 
however, no sufficient flame retardancy Is obtained in the case of an epoxy resin composition used in, for example, a 
faminate containing a substrate such as a woven and nonwoven glass fabric, which hindens the defonnation (expansion) 
of the resin component, because, in such an epoxy resin composition, efficient formation of a foamed layer capable 
of showing a high degree of flame retardancy is difficult. 

so [0022] Hence, in the flame- retardant epoxy resin composition of the present invention, there are used an epoxy resin 
of the above-mentioned particular structure, a curing agent of the above-mentioned particular structure and a metal 
hydroxide. Owing to the synergistic effect of these components, strikingly high fiame retardancy unobtainable with the 
prior art is obtained. The reasons are not clear; however, the present flame-retardant epoxy resin composition is con- 
sidered to express its fiame retardancy based on the following mechanism, 

ss [0023] Thecured material ofthepresentflame-retardantepoxy resin composition, when ignited, givesrlsetothermal 
decomposition of the mstai hydroxide to generate watervapor. This watervaporaliovvsthecured resin material softened 
by the heat of ignition to defomi and expand, whereby fonnation of a foamed layer is promoted. Consequently, a 
sufficient amount of a foamed layer can be formed during ignition even when the present epoxy resin composition is 
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used in a slruclure containing a substrate sucrt as a woven and ncnwoven glass fabric, which hinders the defoirnation 
{expansion) of th& resin component. Further this foamed layer has a high hot strength and is hardly broken by heat 
because of the particiilar crossiinked structure brought about by a particular epoxy resin and a particular curing agent; 
moreover, is filled with water vapor, etc. inside; therefore, can effectiveiy shield heat and oxygen and can effectively 
s act as a igrjition-prevenling layer. 

[0024] The metal hydroxide, when ignited, is converted into a metal oxide and this metai oxide remains unif omily in 
the resin material. The metal oxide is considered to act m a support and allow the foamed layer to have a uniform 
size. Thus, the metal hydroxide is considered to allow the foamed layer to have a preferred structure and accordingty 
higher ignitiori preventabiiity. 

to [0025] As mentioned above, in the present invention, an spoxy resin of partlctiiar structure, a curing agent of parficular 
structure and a metal hydroxide are used in combination; thereby, fomiation of a flamed layer of high hot strength is 
promoted, the foamed layer is tilled with water vapor tnsidc and is allowed to have ignition preventabiiity, and the metal 
oxide converted from the metal hydroxide becomes a support and allows the foamed layer to have a structure suitabte 
for ignition prevention; as a result, a high degree of fliame reiardancy is considered to be realized. 

15 [0026] in the present Invention, since a metal hydroxide is used for such a purpose, its addition amount can be smal i 
to obtain sufficient flame retardanoy, as compared with the prior art in which a metal hydroxide is used simply for 
temperature lowering. 

[0027] In the present epoxy resin composition, addition of, in particotar, a silicone compound having a branched 
structure main chain and conlaining, in the stnttcture, aromatic compound-derived group can allow the epoxy resin 

20 composition to have sigrjificantiy improved flame retardancy. The added siftcone compound reacts with the epoxy rosin 
and the curing agent in the epoxy resin composition to fornri a fiame-retardant substance superior in thermal decom- 
position resistance; therefore, when the cured resin material is ignited, a foamed fayermore resistant to foam broal<age 
isfonned and htgheriiamenstardancycan he attained. Further, the addition of theslllcone compound enables reduction 
in the amount of the metal hydroxide used, which allows effective prevention of, the reduction in the moldability and 

ss stectricaf properties (dielectric properties) of the epoxy resin composition, because of lowering the metal hydroxide. 

Brief Description of the Drawing 

[0028] Fig. 1 is a drawing for explaining the parameters used in the present invention. 

30 

Best Mode for Carr^infl Out the Invention 

[0028] The phenol (A) used in the present invention is not particularly restricted as long as it is an aromatic compound 
having phenolic hydroxyl group. As the phenol (A), there can be mentioned, for example, phenol; naphthois such as 
35 a-naphthol, |J-naphthol and the like; bisphenolfluorenetype pheriols; alkyiphenolssuchascresol.xylenol, ethylphenol, 
butyiphenol, nonylphenol, octylphenol and the like; poly hytiric phenols such as bfsphenol A, bisphenol F, bisphenoi S, 
resorcin, catecho! and the like; phenylphenoi; and aminophenoi. These phenols can be used singly or In combination 
oftwoof morelflnds, 

[0030] In the present invention, the aromatic compound (B) is one or more kinds of aromatic compounds other than 

40 the phenol (A). The aromatic compound (B) Is not partleulariy restricted. As the aramatio compound (8), there can be 
mentioned, for example, bipheny! and its derivatives, benzene and its derivatives, diphenyi ether and its derivatives, 
naphthalene and its derivatives, anthracene and its derivatives, fluorene and its derivatives, bisphenoi lluorene and 
its, derivatives, bisphenoi S and its derivatives, bisphenoi F and its derivatives and bisphenoi A and its derivatives. Of 
these, biphenyi and its derivatives and benzene and Its deiivatives are used preferably. The reason is that since they 

<s give very high flame retardancy and moreover are superior in hydrophobicity, their use can give a resin composition 
significantly improved also in moisture resistance. In particular, an aromatic compound (B) containing bipfienyl deriv- 
ative is very eflcctive in flame retardancy improvement and is preferred. Ttis reason is not dear but Is considered to 
be aiatthe cured material of a resin containing biphenyi derivative easily causes foaming and the biphenyi derivative 
itseif has a high flash point. That is, it is considered that when a resin contains biphenyi derivative, the resin, when 

so cured, gives a crossiinked stmctur© longer in distance between crosslink sites, as compared with resins containing 
benzene derivative or the tiice. resultantly causes foaming easily when ignited, and shows higher flame retardancy. 
When the rssin composition of the presem invention is ignited, a gaseous thermal decomposition product is generated 
and allows the resin surface to ioam. The thermal decomposition product itself is resislanl to ignition, and this is con- 
sidered to be one factor contributing to fiame retardancy. When a resin composition containing biphenyi derivative is 

S5 ignited, bipheny) is generated and its high flash point (11 0°C as compared with -10°C of benzene) is very probably 
another factor contributing to flame retardancy. 

[0031] The aromatic compound (B) preferably contains C1..6 chain staicture group having unsaturation or Ci.e sub- 
stituted or unsubstituted ali<yl group. 
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[0032] As the chain structure group having unsatunatfon, aityl group can be mertioned. As the C^.s ali<yl group, there 
can be mentioned methyl group, ethyl group, propyl group, etc. 

[OOSS] In the present invention, the phenolte resin (C) is not particularly restrtcteti as iong as it is a novolac structure 
phenolic resin containing the plienoJ (A) and the aromatic compound (B) otherliian phenols. As the phenolic resin (C), 

s there can be mentioned, for exampie, phenol biphenyf aralky! type resins, phenol phenylene aralkyi ^pe resins, pheno! 
dipheny! ether aralkyi type resins, naphtiialene-containing phenolic novolac type resins, anthracene-containing phe- 
nolic novoiac typo resins, biphenylsne-contatning phenolic novolac type resins, ffuorene-containing phenolic novofac 
type resins, bisphenoi f iuorene-containing phenolic novolac type resins, bisphenol S-Contatning phenolic novolac type 
resins, bisphenol F-oontaining phenolic novolac type resins, and bisphenoi A-containing phenolic novolac type resins, 

10 These phenoiie resins can be used singly or in combination at two or more l<incts. 

[0034] Specific examples of the phenolic resin {C) are shown below. The phenolic resin {C) of the present invention 
Is not restricted to these examples. 




EP 1 260 551 A1 




EP 1 260 551 A1 



[0035] Of these, preferred are phenol biphenyl aralkyi type rssins or phenoi phenyiene aralkyi lype resins, whers 
the arortiatic compound (B) Is biphenyl or its derivalive. or benzene or its derivative, in these cases, there can be 
10 oblained an epoxy resin composition having an acfequateiy low crosslink density and, when the composition Is igntted, 
a rubbsr-ltke foamed tayer of high thermal decomposition resistance is formed in a more preferred structure. Since 
biphenyl or its derivative, or benzene or its derivative is supeiiorin hydrophobictty, the rssin composition containing 
such a compound is improved also in moisture resistance, 

[0036] Jhs phenolic resin (C) of the present Invention preferably has a recumng unit represented by either of, for 
<5 example, the following fomiulas (!) fo (IV). 




(I) 



X— Rj— 



01) 
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(Wherein Xi and Xj are each indepsndently a C^.^ unsaturated ctiain structurs linking group, or a C,.e substituted or 
unsubstttuted alkylene group; and Ri is a phenylene group, a biphenylene group ora group derived fromtlnese groups). 
[0037 j By using a resin having such recurring units, the resulting resin composition, when ignited, can form a riibber- 
like foamed tayer of high thennal decomposition resistance In a more prefeired structure; further, the resin composition 

5 is improved aiso in moisture resistance. 

[0038] tn the f iame-retardant epoxy resin oomposltion of the present invention, a phenolic resin other than the phe- 
nolic resin {C) may be used in combination with the phenotic resin (C). In that case, the content of the phenoiic resin 
(C) relative to the totai amount of the phenolic resins is preferably 5% by mass or more, more preferably 30% by mass 
or mors. Too low a content may resutt in insufficient tiame retardancy. 

JO 10039] lntheflame-retardantepoxyr8sincompoaiiionoflhepresent!nventton,aphenolicresinotiierthanthephe- 
notic resin (C) and an amine compound can bs used as a curing agent in combination with the phenolic resin (C). 
100401 The phenolic resir) usable in comliinalion is not particularly restricted. As such a phsnoilc resin, there can be 
mentioned, for example, phenol btphenyl triazirte type resins, phenoi phenytene triazine type resins, phenol trtazine 
type resins, l3lphenyi-4,4'-dihydroxy! ethar, 3,3',5,5'-telramethyibiphenyt-4,4'-dihydroxyl ether, tetraphenyioielhane, iri- 

?5 sphenylolettiane, phenoiic novolac resins, cresol novoiac resins, bisphenoi A type resins, bisphenol F type resins, 
bispheno! S type resins, polyphenoi type resins, aliphatic phenolic resins, aromatic ester type phenolic resins, aiicyclic 
ester ti^e phenolic resins and ether ester type phenolic resins. 

[0041] The amine compound usable in combination is not parlicuiariy restricted. As such an amine compound, there 
can be mentioned, for exampie, diaminodiphenytmethane, diethytenetriamine and diaminodipheny Isulfone These phc- 
no nolle resins or amine compounds can be used singiy or in admixture of few to several kinds. Of these, phenol biphenyl 
iriazine type resins, phenoi phenytene triazine type nssins and phenoi triazine type resins are particularly preferred 
because they can impart high flame retardancy. 

[Q042] in the present invention, the novoiac type epoxy resin (0) is a novoiac type epoxy resin obtained by subjecting 
the phenolic hydroxy! groups of a phenolic resin (G) containing, in the molecular chain, sf ructurai units derived from a 

S3 phsnol (A) and structural units derived from an aromatic compound (B) other than the phenol (A), to etherification with 
glycidyi. As such a novoiac type epoxy resin, there can be mentioned, for example, phenol biphenyl arall<yl type epoxy 
resins, phenoi phenylene aralkyi type epoxy resins, phenoi dlphenyl ether arall<yl type opoxy resins. rapWhaiene- 
oontaining novoiac type epoxy resins, anlhraoene-oontaining novoiac type epoxy resins, biphenylene-containing no- 
voiac type epoxy resins, fluorene-containing novoiac type epoxy resins, bisphenol fiuorene-containing novoiac type 

so epoxy resins, bisphenoi S-containing novoiac t^e epoxy resins, bisphenol P-containing novoiac type epoxy resins, 
and bisphenol A-containing novoiac type resins. These epoxy resins can be used singiy or in combination of two or 
more kinds. 

[0043} Specific examples of the novoiac type epoxy resin (D) are shown below. The novoiac type epoxy resin (D) of 
the present invention is not restricted to these examples, in the following formulas, "G" refers to a glycidyi group. 
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[0044} Of these, preferred are phenol bipheny) aratkyi lype epoxy resins or phenol phenyiene araikyi type apoxy 
resins, where the aromatic compound (B) is hiphenyl or its deriuative, or benzene or its derivative. By using such s 
novolae type epoxy resin (D), there can be obtained an epoxy resin connposition having an adequatefy low crosslink 
density and, when the compositian la ignited, a rubber-like foamed layer of high thermal decomposttion resistance Is 
formed in a more preferred stnicture. Since biphenyl or its derivative, or benzene or its derivative Is very effective in 
imparting flame retardancy and nnoreover superior in hydrophobiclty, the resincomposition containing such a compound 
is improved also in nnoisture resistance. 

[0045] I n the f lame-relardant epoxy resin composition of the present invention , an epoxy res! n other than the epoxy 
resin (D) can be used in combination with the epoxy resin (D). in that case, the content of the epoxy resin (D) relative 
to the total amount of the epoxy resins is preferably 6% by mass or more, more preferably 30% by mass or more. Too 
low a content may result in insufficient fiame retardancy. 

|0046] The epoxy resin usable in combination with the epoxy resin (D) is not particularly restricted. There can be 
mentioned, for example, pheno) biphenyl triazine type epoxy rssins, phenol phenylene trtazine type epoxy resins, 
phenol triazine type epoxy resins, at least either of bipheny!-44'-digiycidyt elher and 3,3',5,5'-tetrame1hylbipheny!-4,4'- 
diglycidyl ether or a mixture thereof, tetraphenylolethane type epoxy resins, tnsphenyiolethane type epoxy resins, 
phenolic novolae epoxy resins, cresol novoiac epoxy resins, bisphenol A lype epoxy resins, bispheno! F type apoxy 
resins, bisphenol Stype epoity resins, pofyphenol type epoxy resins, aliphatic epoxy resins, aromatic ester type epoxy 
resins, aiicycHc ester type epoxy resins and ether ester lype epoxy rssins. There can also be used glycidylamine 
compounds such dlamlnodiphenylmethane, diethylenettiamine, diaminodiphenylsulfoneandthe lti<e. These epoxy res- 
ins may be used singiy or in admixture of few to several kinds. Of these, particularly preferred are phenol biphenyl 
triazine ti'pe epoxy resins, phenol phenyfene triazine type epoxy resins and phenol triazine type epoxy resins for their 
ability for flame retardancy improvement. 

[0047] The phenoiic resin (C) and the epoxy resin (D) both contained in the fiame-retardiant epoxy resin composition 
of the present invention have no partioufar reslriciion as to their weight-average molecular weights. The motecufar 
weights are, for example, 300 to 10,000. These weight-average molecular weights can be measured by QPC (ge) 
permeation chromatography). 

[Q048] With respect to the cujing agent and the epoxy resin both constituting ttie flame-tstardant epoxy resin com- 
position of the present invention, the ratio (OH/Ep) of the total hydroxy! groups (OH) of the ourfng agent to the total 
epoxy groups (Ep) of the epoxy resin is appropriately 0.7£(OH/Ep) S 2.5, because the cured materiai obtained by 
curing them shows improved flame retardanq^. When the (OH/Ep) is (ess than 0,7, epoxy group remains in the 
crosslinted structurs in the above-mentioned cured materfai.fomied by the reaction of the curing agent and the epoxy 
resin and this remaining epoxy group results in generation of an increased amount of combustible components such 
as aityl alcohol, v,;iiich may impair the improvement of flame retardancy. When the (OH/Ep) is more than 2.5, the 
crosslink density of the cured material, obtained by the reaction of the epoxy resin and the curing agent is too low, 
which may result in insufficient curing and may incur the Insufficient heat resistance or strength of the cured material, 
[00481 The metal hydroxide contained in the flame-retardant epoxy rosin composition of the present invention is 
preferably a metal hydroxide containing at ieastone element selected from aluminum, magnesium, zinc, boron, calcium, 
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nickel, cobalt, tin, molvtodenum, copper, iron and titanium. As specific examples of the metal tiydroxide, there are 
mentioned metaf hydroxides each containing, as the main component, atuminum hydroxide, magnesium hydroxide, 
zinc borate, calcium hydroxide, nickel hydroxide, cobalt hydroxide, tin hydroxide, zinc mofyfadate, copper hydroxide! 
iron hydroxide or the liite. These metal hydroxides can be used singly, or In the form of a mixture or sofld solution of 
s few to several Kinds, or by coating, on one kind of metal hydroxide, other kind of metal hydroxide. Of these, aluminum 
hydroxide, magnesium hydroxide and 3:inc borate »rs preferred for their ability for fiame retardancy improvement. 
Aluminum hydroxide is particularly preferred because It is highfy resistant to adds and alkalis and allows the resuitrng 
cured matedal to have excellent processabiiity. 

[0050] The content of the metal hydroxide relative to the total weight of the flame-retafdant epoxy resin composition 
iO of the present invention ts preferably 70% by mass or less. Here, the total weight of the flame-retardant epoxy resin 
composition refers lo the weights of the epoxy resin, the curing agent, and vario us additives such as curing accelerator, 
siiicone compound, tiller and the like and, when the composition is used in a iaminale orthe like, refers to the weights 
of the total components excluding the substrate such as glass fiber or the like. When the content of the metal hydroxide 
is set as above, the resulting epoxy resin composition can have a high degree of flame retardancy while keeping the 
« moldabifily and dielectric properties at satisfactory levels. Therefore, when the composition is used particularly in a 
laminate, a high-qualify laminate having a high degree office retardancy can be obtained. When the metal hydroxide 
content is set at 60% by mass or less, the resulting epoxy resin composition is Impmved strikingly in soldering heat 
resistance and moisture resistance. Therefore, whenihe composition Is used, for example, in a laminate, a high-quality 
laminate having excellent soldering heat resistance can be obtained. When the metal hydroxide content is set at 55% 
so by mass or iess, there is further improvement in moldabiiity, dielectric properties and moisture resistance. Meanwhile, 
the lower limit of the metal hydroxide content is preferably 10% by mass or more, more preferably 30% by mass or 
more. With such a metal liydroxide content, sufficient ffame retardancy can be achieved. Incidentally, when a silica 
powder such as fused silica and crystalline silica Is used in combination with the metal hydroxide, the content of the 
metal hydroxide can be lowered and yet sumcientflame retardancy can be obtained. When the metai hydroxide Is used 
In combination with a silicone compound, the metal hydroxide content can be smaller ttian the above-mentioned level 
and yet sufficient flame retardancy can be obtained; in this case, the metal hydroxide content is set preferably at S% 
by mass or more, more preferabiy at 20% by mass or more. 

[O0S1 ] Theflame-retardant epoxy resin composition of the present invention may furthercontaln a silicone compound 
of branched main chain structure having aromatic compound-derived group. Thereby, the composition can have even 
3D higher flame retardancy; further, in the composition, since the metal hydroxide content can be further reduced, the 
reduction in moldabiiity and electric properties (dielectric properties), caused by the melai hydroxide can be prevented 
more effectively. 

[0052] In the present invention, the aromatic compound-defived group contained in the silicone compound is a func- 
tional group derived from an aromatic compound; and the aromatic compound refers to a compound having an aromatic 

35 ringCs) such as benzene ring, condensed benzene ring, polycyclic ring, non-benzene type aromatic ring, heterocyclic 
aromatic ring and/or the like. The aromatic compound can be exemplified by benzene, naphthalene, anthracene, bi- 
phenyt, diphenyl ether, biphenylene, pyrrole, benzoguanamJne, melamine, acetoguanamine, and derivatives thereof. 
The derivatives can be exemplified by alkyt group addition products of the above-mentioned compounds. As a 
preferred example of the aromatic compound-derived group, phenyl group can be mentioned, because it Is superior 

40 m ability for flame retardancy improvement. 

10053] The siiicone compound of the present invention is preferably a siiicone compound having a branched structure 
main chain and containing, in the structure, units (T units) nspresented by a fomiufa RSiO., 5, The silicone compound 
may further contain units (Q units) represented by a formula SiOa. Particularly preferably for flame retardancy improve- 
ment, the branched structure main chain of the silicone compound fs constituted by units (T units) represented by a 
formula RSiO., 5, units (D units) represented by a formula I^SiO, q and units (M units) represented by a formuia 
R'aSiOg j, A siiicone compound having such a structure can give an epoxy resin composition improved in mermal 
decomposition resistance more efiectiveiy and having higher flame retardancy. As such a silicone compound, there 
can be mentioned, for example, those having the structure of the following foimula. 

so 



as 
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[0054] The above tormula is intended to show an example of the structure of the siiicone compound of tlie present 
invention, and individual Rs and individual R's may respectively be the same ordiffefent. 

[0055] The silicone compound of the present Invention preferably has reactive group capable of reacting with the 
epoxy resin and/or the curing egent. For example, in the above formula, R and R' prsferably contain reactrve group 
so capable of reacfing with the epoxy resin and the curing agent, for example, at least one group selected from hydroxy! 
group, Ci.s alkoxy group, epoxy group and carboxyl gorup. These reactive groups may be contained as one kind or 
two or more kinds. As functional group other than aromatic compound-derived group, there are preferred C^.^g alkyi 
groups, particularly methyl group. 

|0056] in the silicone compound of the present invention, the proportion of the reactive group in the total amount of 
the functional groups (R and R') is preferably 0.05 mole % to less than 20 mote %, more prefcrabf/ 0.1 mole % io less 
than 1 0 moie %. When the proportion is In such a range, tomnation of agglomerate by the reaction between silicone 
molecules can ise prevented and effective improvement of thenmai decomposition resistance Is oblatnable. 
[0057] The silicone compountl having a branched structure main chain and containing aromatic compound-derived 
group in the structure, used in thefiame-retardant epoxy resin oomposftlen of the present invention has no particular 
30 restriction as to the weight-average moiecularweight However, the weight-average molecular weight is preferably 200 
to 500,000, particularly preferably 1 ,000 to 1 00,000. When the weight-average molecufar weight is too small, the sili- 
cone compound itself may have low flame rctardancy. i^eanwhtle, when the weight- average molecular weight is too 
larga, the dispersifaility of the silicone compound in the epoxy resin composition is insufficient, which may result in low 
moldabiiity of the resuiling composition. Incidentally, the weigiTl-average mo tacular weight can be measured by GPC 
35 {gei permeation chromatography}, 

[0058] The molar ratio {JJD) of the T units (the units represented by the formula HS)0^ g) and tlie D units (the units 
r^rssented by thsformulaRaSiOi.o) both constftutingthesiliconecompound used in the present invention is preferably 
(0.1/1) S (T/D) S (9/1). When the (T/D) is less lhan (0.1/1), the silicone compound itseif has low themial resistance 
and consequently the epoxy resin composition containing the silicone compound may have tow flame retardancy. When 
40 the (T/D) is more than (9/1 ), the epoxy resin composition containing such a sificone compound may have tow motdabitity. 
[0059] In the silicone compound of the preserJl invention, the proportion of the phenyl group in the lota! amount of 
the functional groups (R and R') is preferably 20 nrole % or more, particuiariy preferably 40 mole % or more. When the 
proportion is less than 20 mole %, the silicone compound has low compatibility with the phenolic resir and epoxy resin 
constituting the epoxy resin composition of ttie present invention, which may result in low moldabiiity and tlame retar- 
ds dancy of the resulting epoxy resin composition, 

[0060] in the fiame-retardant epoxy resin composition of the present invention, the content of Uie silicone compound 
having a branciied structure matnchain and containing, in thestructure, aromatic compound-derived group is preferabty 
0,1 to 20% by mass relative to the total amount of the phenolic resin, epoxy resin, metai hydroxide and addilives ail 
- constituting the fiame-retardant epoxy resin composition, in order to achieve both flame retardancy and moidabiltty at 
50 sufficient levels. When the content of the silicone compound is less than 0,1% by mass, the resulting epoxy resin 
composition may have insufficient flame retardancy. When the content is more lhan 20% by mass, the resulting epoxy 
resin composition may have low moldi^ility, 

[0061] The silicone compound of the present invention may be used by reacting it, In advance, with the phenolic 
resin or epoxy resin of the present invention or with other curing agent or epoxy resin. 
55 [0062] in the ftame-retardant epoxy resin composition of the present invention, it is possible to further use, as nec- 
essary, a metai oxide in combination with the metal hydroxide. Specific exsmpies of the metal oxide usabie in combi- 
nation are silicon oxide and calcium oxide, but the metal oxide is not particularly restricted. These metal oxides may 
be used by mixing a metal oxide or a mixture or solid solution of few to several itinds of metal oxides with the metai 
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hydroxide or by coating tt, being the metal oxide or the mixture orsolid solution, on the metal hydroxide, or by making 
it into a solid solution with tlie metat hydroxide. Of various combinations of tJie metal oxide and the metal hydroxide, 
a combination of aluminum hydroxide or magnesium hydroxide with silicon oxide is preferred in view of the flame 
retardancy improvement obtained. In the epoxy resin composition of the present invention, the meta! hydroxide may 
be used by being surface-treated with an organic substance suoti as phenolic resin, other polymer or the like. Further, 
the meta! hydroxide may b© used by being coated with a metal oxide or being made into a solid solution with a metal 
oxide and then being surface-treated with an organic substance such as phenolic resin, other polymer or the like. 
[0063] The fiame-retardant epoxy resin composition of the present invention may further contain, as neoessaty, 
various additives such as curing accelerator, neisase agent, surface-treating agent, fiiier other than meta! hydroxide^ 
and the like. 

[0084] As the curing acceierator of the above additives, those ordinarily used tn curing of an epoxy resin and a curing 
agent can be used. There can be mentioned, for example, diazabicycloalkenes and Iheir derivatives such as 1 ,6-di- 
azabicyclo{5,4,0)undecene-7 and the like; tertiary amines such as triethyienedtamtne, benzyldimethylamtne, trfeth- 
anolamlne, dimelhylaminoethanoi, tris(dimethyfaminomethy))ph8nQt and the tike; imidazoles such as 2-methyjimida- 
zole. 2~plienyltmidazole. 2-phenyl-4-methyfim!dazQle, 2-heptadecyiimldazole and the like; organic phosphinee such 
as tributylphospfiine, methyldiphenylphosphtne, triphenylphosphire and Itje iike; tetra(substituted phosphonium) tetra 
(substituted borate)s such as tetrapfienyiphosphonium tetraborate and the iike; and tetraphenylbaratesauoh as 2-ethy!- 
4-methyiimid8Zo!e tetraphenylborate, N-methylmorpholine tetrsqahenylborate and Ihe like. These curing acceleratois 
can be used singly or in admixture of two or more km6&. 

[0065] The fiame-retardant epoxy resin composition of the present Invention may contain as necessary, as other 
additives, a coloring agent such as carbon blactc, a stress-reducing component such as silicone oil or silioone rubber, 
a plasticizer such as siiicone powder, a refease agent such as natural wax, synthetic wax, higher fatly acid, metal saft 
of higher fatty acid, ester type wax, poiyolef in type wax or paraffin and a coupting agent such as organic sllane com- 
pound, organic titanate compound or organoalumlnum compound. Of the above-mentioned coupling agente. In partic- 
ular, an organic siJane compound, i.e. an alkoxysDane having reactive functional group is Important for improvement 
of the strength, chemical resistance and electrical properties of the fiame-retardant epoxy resin composition of the 
present invention. As specjffc examples of the alkoxysilane, there can be mentioned aminosllane compounds such as 
Y-aminopropyltriethoxysilans, N-phenyl-Y-aminopropyltrimethoxysilane and llie like; epoxysitane compounds such as 
7"giycidoxypropyltrimethO)£ysilane,v-glycidQxypropylmethyldiethoxysilaneandthelike;v!nylsiianecoft^oundssuohas 
viiiyltri5(p-methoxyethoxy)sl!ane and the lil<e; acrylic silane compounds such asy-methacryloxypropyitrtmethoxysiiane 
and the like; and mereaptosilane compounds such as y-mercsptopropyltrimethoxysilane and the like. Of these coupling 
agents, amfnosiiane compounds and epoxysilane compounds are preferred because they can improve the adheslvity 
between »te resin component and the metal hydroxide both constituting the epoxy resin oomposilion of the present 
Invention; and aminosifane compounds are particufarty preferred. 

[0066] The fiame-retardant epoxy resin composition of the present invention can use a known f liier, besides the metal 
hydroxide. As such a known fil ier, there can be mentioned, for example, carbon fiber; powders of fused silica, crystalline 
silica, alumina, zircon, calcium silicate, calcium cattonale, silicon carbide, boron nitride, beryiiia, tate, titanium oxide, 
zirconia and the tike; beads made therefrom; and single crystal fibers of potassium titanate, silicon cattitde. silicon 
nitride, alumina and the like. These fillers may be used singfy or in admixture of t«s>o or more kinds. A powder of fused 
silica and a powder of crystaiiine silica are partteularly prefenied, 

10067] The fiame-retardant epoxy resin composition of the present invention is very sff ectivs when used as a com- 
posite material obtained fay impregnating the composition into a substrate sucii as glass fiber, paper, aramid fiber or 
the like and curing the impregnated composition. Particularly when the preserttffame-retardant epoxy resin composition 
Is impregnated into a giass fiber substrate or a paper substrate and curing the impregnated composition to produce a 
prepreg or a laminate, the prepreg or the laminate can have a high degree of flame retardancy while maintaining the 
properties such as mofdabllily. dfcleclric properties and moisture resistance {soldering heat resistance) of the compo- 
sition at sufficient levels. 

{0068} The laminate according to the present invention is preferred to be produced so as to satisfy the following 
conditions (a) to (d). 

(a) 4Sg o S 1 00, preferably 50S c S 1 00 and 3SES12. preferably 3gES10. 

[0069] o is a bending strength (MPa) of the laminate at 230±10°C and E is a flexural modulus (GPa) of the laminate 
at230±10°C, 

[0070J By ajlowing the bending strength and the f lexurat modulus to fall in the above ranges, a foamed resin layer 
can be fomned on a preferred structure, the foamed layer can have a sufficient strength and sufficient toughness, 
thereby the foaned layer can have sufficient preventability for ignition. When the fisxural modulus is too smalt, it is 
diflicuit to obtain a foamed layer of sufficient strength. Meanwhile, when theflexural modulus is too large, it is difffcult 
to aiiow the foamed layer to have sufficient toughness. 

(b) 30SQseO, 
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[0071] G is a proportion (mass %) ol the substrate in a total amount of the laminate. 

[0072] When the amount of the substrate is too small, the nesin flow durfng molding is sinking and molding may be 
diff icfitt. Meanwhile, when the amount of the substrate is too large, no sufficient adiiesion Is obtained and interlamlnar 
delamination may occur. 
5 (c) FS45 (mass %), preferably FS45 (mass %) and F (mass %) = Rxl 00/X, 

[0073] R is a amount of a thermal decomposition product other than water, generating from a room temperature 
(25»C} to 500»C, and is caicuiatsd form the foltowfng fomiula; 

R = [total amount (W.) of Isiminate] 

10 ' 

- [residual amount (Wg) of laminate at SOO'C] 

- [amount of HjO generated at SOO'C (W,^2O«0D"c)]' 

i;0074J X ia a content of the resin component in the laminate (a total amount of the epoxy resin and the curing agent 
and, when a coupling agent and a catalyst are contained in the flame-retardant epoxy resin composition, amounts 
thereof are also included), and is calculated from the following fomnula; 

^ X « [total amount (W^ ) of laminate] 

- [residual amount (Wg) of laminate at SOO'C] 

^ - [amount of HgO generated at 800" C (Wj^Q^gj,,^)]. 



[0075] Incidsntaiiy, in Fig. 1 is shown aachematic drawing for explaining themethodfor detemilnlngthe vaiue of the 
above F. 

[0076] Tiie amount of thermal decomposition product other than water Indicates the amount of combustibte compo- 
30 nents generating during resin ignition. By aliowing F to fall in the above range, higher flame retardancy can be obtained, 
(d) 4SV^13. 

[0077] Visa amount (V mass %) of a water vapor generating from a room temperature (25»C) to 500»C, relative to 
a total amount of the laminate, when the laminate is subjected to thermal decomposition at a temperature elevation 
rate of 1 0'C/min at sn atr flow rate of 0.2 tJter/min. 

SS [0078] When the value of V is too small, no water vapor sufficient for filling the foamed layer is generated and no 
sufficient flame retardancy is obtained. IWeanwhile, when the value of V is too large, fiame retardancy may be impaired. 
The reason therefor is not cfear but it is presumed to be due to, for example, the breakage of Joamed layer, 
[0079] To the flame-retardant epoxy resin composition of the present invention may f u rther be added , as necessary, 
a nitrogen -based flame retardant such as melamine. Isocyanuric acid compound or the nice, or a phosphorus-based 

40 flame retardant such as red phosphorus, phosphoric acid compound, organic phosphorus compound orthe like, ail as 
an auxiliary flame retardant In the flame-retardant epoxy resin composition of the present Invention, the use amount 
of such a flame retardant can be small and therefore the reduction in properties sucii as moisture resistance and the 
like can be prevented, 

[0080] A prepreg can be produced from the flame-retardant epoxy resin composition of the present invention by an 
4s ordinary method of diluting the composition with an appropriate organic solvent such as methyl ethyl i<ctone and pro- 
pylene glycol monomeEhyi ether to form a varnish, impregnating, by coating, the varnish into a porous glass substrate 
such as a woven and nonwoven glass fabric and heating the resulting material. A copper clad glass-epoxy iaminate 
can be produced from the prepreg by laminating a plurality of such pnapregs, placing a copperfoii on one or both sides 
of the resulting laminate, and then hot-pressing the coppor-ciacf laminate under ordinary conditions. When no copper 
so foil is used in the above production , a laminate is obtained. A multi-layered (aminate can be produced from the copper- 
clad iaminate i3y an ordinary method of forming a circuit in the copper-cfad laminate as an inner layer, subjecting tiie 
copperfoii of the iaminate to an etching treatment, placing a prepreg and a copper foil on at least on© side of the inner 
layer, and hot-pressing the resulting material, for example, at a temperature of 170°C at a pressure of 40 kg/cm^ for 
90 minutes. A printed wiring board can be produced from the copper-ciad laminate or the rnuiti -layered laminate by an 
55 ordinary method of fomning throughholes in the laminate, plating the throughholes, and then forming a predetermined 
circuit. The thus-produced iaminate oJ the present invention has a high degree of flame retardancy and high safety 
[O0S1 j When the flame-retardant epoxy resin composition of the present invention is used as an encapsulating agent 
for semiconductor device, the raw materials for the composition are subjected to preliminary Icneading by a ribbon 
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blender, a Henschet mixer or the like; then, the pre-kneaded material is treated by a hot roll, a kneader or the like to 
form a flame-relardant epoxy resin composition, a mixture of the present Invention; as necessary, moisture is removed 
from the mixture; and the resulting mixture ts melted under given molding conditions by a transfer molding machine or 
the Tike and used as an encapsulating agent for semiconductor device. 

[0082] The semiconductor device obtained by using the fiame-retardant eposty resin composition of the present Jn- 
vsntion as an encapsulating agent Is superior in fiams retardancy and safety. As such a semiconductor device, there 
cart be mentioned, for example, a semiconductor device obtained lay mounting semicondLctor components on the die 
pad of a fead frame, connecting them by wire bonding, and eneapstiiatlng the resulting material with a resin; a resin- 
encapsulated semicondLctor device of iead-on-ehip type; and a resin-encapsulated semiconductor device of ball grid 
array (BGA) type. Other ssmioonctuctor devices can also be mentioned, and ail the semiconductor devices obtained 
by encapsulating the electronic parts such as semiconductor components with the epoxy resin composition of the 
present invention are included. 

[0083] Theflame-retardant epoxy resin composition ofthepresem Invention is superior in fame retardancy and safety 
also when used in other applicattons such as molding material, casting material, adhesive, coating and the like. 

Examples and Comparative Examples 

£0084] The present invention is described In more detail below by way of Examptes. 

I0085J First, explanation is made on the raw materiafa used In Examples and Comparative Exaunptes. 

(Giassf^ric) 

[0086] An E glass cloth of 0. 1 8 mm !n thickness was used. 
(Sllane coupling agsnts) 

[0087] Silane coupling agent A: KBE 903 (T-aminopropyllriethoxysilans, a product oT Shln-Etsu Chemical Co. , Ltd.) 
was used. 

[0088] Siiane coupling agent B: KBIVI 403 (a product of Shin-Etsu Chemical Co., Ltd.) 

{Curing accelerator catalysts) 

[0089] Curing accelerator calalyst A: U-CAT-SA 102 (diazabicyctoundecene-oetylio acid salt, a product of 
SAN-APRO L) M ITED) was used. 

[0090] Curing accelerator catalyst B: 2E4MZ (a product of Shikoku Chemicals Corporation) 
(Phenolic resins and epoxy resins) 

[0091 ] The phenolic resins and epoxy resins represented by the following f onn u tas {1 ) 'o <S) wens used . 
[D0S2I Phenol faiphenyl araiicyl resin (phsnolki resin 1) 




(viiherein n = 0.0 to 10, soflenir»g point; lacC, hydroxyl group: 205 g/eq). 
[0093] Phenoi biphenyl arafkyi epoxy resin (epoxy resin 1) 
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(wherein each G is a glyctdyl group, n = 0.0 to 10, softening point; ST'C, epoxy equivalent: 270 g/eq), 
10 [00941 Phenol phenylene aralKy! festn (phenoiic resin 2) 

OB . P , • OH 

2" {Wherein n = 0.0 to 1 0, softening point: sa'C, hydroxy) equivatent: 1 75 g/eq). 
[0095| Phenol phenylene aralNyl epoxy resin (epoxy resin 2) 

30 (wherein each G is a giycidyl group, n = 0.0 to 10, softening point: SS'C, epoxy equivalent: 234 g/eq). 
[009S] Phenoiic novolac resin {phenolic resin 3) 



OH OH OH ■ 

40 

(wherein n ~ O.O to 10, softening point: 105'C. hydroxyl equivalent: 106 g/eq). 
[0097] Cresol novofac epoxy resin {epoxy resin 3) 

•A A A 

OCHjOHOHj OCH,CH0Hj OCH^CHOH, ' 
(§^H,#^OH,-^"' . (6) 

(wherein G is a giycidyl group, n = 0.0 to 10, softening point: OB^C, epoxy equivalent; 194 g/eq), 
[00981 BIspheno! A type epoxy resin (epoxy resin 4) 

ss 
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{wherein Q is a glycidyl group, n = 0,0 to 10, vfscosity at 2S''C: 160 poise, epoxy equivalent: 180 g/eq). 

[0099] Epoxy resin 5 {bisphenol A type epoxy resin 2): Epil<ote 1001 (a product of Yuka Sftefl Epoxy K.K., epoxy 

equivalent: 473) 

[0100] Epoxy resin 6 (piienolic novoiac epoxy resin): EPPN-201 {a product of Nippon KayakuCo.. Ltd., epoxy equiv- 
aierit: 191) 

(Dicyandlamide) 

[01 01 ] AM !CU R E CG-N A {a product of Air P roducte Japan, active hydrogen equivalefit: 21 ) 
(Siiicone compounds) 

{0102] Compounds shown in Table 1 were used. 
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Silicone 4 
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Silicone 3 


Methoxy 
group 
{5 mole %) 
30 mole % 
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i 




Silicone 2 


CarboKyl 

group 
(3 mole %1 
50 mole % 


1 


! 


3 


Silicone 1 


Kydroxyl 

group 
(1 mole %) 
80 mole % 


f 


1 


S 


Kinds of functional groups 
{R and R'} 


Reactive functional group 
(1) 

content of phenyl group (2) 


.Functional group other than 
(I), and (2) 


if 


T/D molar ratio 
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(Metal hydroxides) 

[01 03] Aluminum hydroxide: BW 103 {a product of Nippor» Light Metal Co.. Ud.) 
[D1 04] Magnesium hydroxide: FR-98-01 0 (a product of Bromochem Far East K.K.) 
101 05] Zinc borate; Firebrake @ 290 (a product of US Borax Inc.) 
[0106J Atumfnum Hydroxide B: CL-310 (a product of Sumitomo Cinemloal Co., Ltd.) 

(Inorganic filfer) 

f0107| i=used crushed siiica.: FS-892 (a product nf Oenki Kagaku Kogyo K.K., average particle dianeter: 1 8 [im) 
[0108] Next, there are shown the methods for measurementB of flame retardancy, dielectric constant, moldabitity 
and soldering heat resistance, used lo Examples and Comparative Examples. 

(Flame retardancy) 

ip109] A molded plate [13 cm {length) x 13 mm {width) x 1 .6 mm {thickness)] Is fixed by a sample holder (a clamp) 
so that the lengthwise direction of the molded plate and the earth surface become perpendicular to each other. Then, 
the flame of a burner is applied to one end of the moided plate distant from the clamp, for 1 0 seconds. Thereafter, the 
burner is kept away and there is measured a time in which a fiame remains on the molded plate (a flame-remaining 
time, seconds) (this tstal<en as F1 , i.e. first flame-remaining time). After this fiame has gone out, the fiame of tiie burner 
is applied again for 1 0 seconds; the burner is l<ept away; and there is measured, in the same manner as irt the first 
measurement, aflame-remaining time (F2, i.e. second flame-remaining time). This test was conducted using five same 
molded plates for one resin cured malerial, to examine the fiame retardancy. Incidantally, the evaluation standard for 
ftame retardancy is UL 94 V-0, V-1 , V-2 and NOT V-2, wherein the V-0 is the highest fiame retardancy and the MOT 
V-2 is the lowest ftame retardancy. 

(1)UL 94 V-0 

[0110] 

• 2FS50 seconds (ZF is the total of the fiame-remaining times obtained in the test conducted for five same molded 
plates. That is, F1 and F2 are measured for one molded plate and their total time is taken as the total fiame- 
remaining time Fforthe moided plate. This Fis measured for each of five same molded plales and their total was 
taken as If. Incldentaliy, the "flame-remaining time" in the following tables indicates the above £F.) 

• Fmax^ 1 0 seconds (Fmax indicates the longest fiame-renrtaining time of the F1 s and F2s obtained in the test.) 

• There is no ignition of marking cotton caused by smoking substance or meit-dropped substance, and there Is no 
ignition of clamp. 

{2) UL 94. V-1 

[01111 

» SFS250 seconds, FmaxSSO seconds. There is no ignition of mari<ing cotton caused by smoking substance or 
meit-dropped substance, and there is no ignition of clamp. 

(3) UL 94 V-2 
E0112J 

• seconds, Fmax^SO seconds, There is ignition of marking cotton caused by smoldng substance or meit- 
dropped substance, but there is no ignition of clamp. 

(4) UL 94 NOT V-2 
[P113J 

• £F>250 seconds or Fmax>30 seconds. 
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(Disieoltic constant) 

[0114| A molded plate [2 cm X 2 cm x 1.6 mm (Ihickness)] was measured for relative dteiectric constant using 
4291 BRF IMPEDANCE/MATERIAL ANALYZER, a product of Hewlett Packard Co. Incidentally, ths frequency used in 
5 the measurement was 1 GHz. 

1011 53 The following standard was used for evaluation of relative dielectric constant; 

Relative dielectric constant is 5.0 or less: 0, 
Relative dielectric constant Is over 5.0: A. 

to 

(Moidability) 
[0116] 

IS Moidability is good: 0 

IVfoldability Is low due to poor fluidity of impregnated resin: A 
Moidability is low due to oozlng-out of silicone resin: A 

(Soldettng heat resistance) 

20 

[0117] A copper-cfad {both sides) laminate 125 mm x 25 mm x 1 .6 mm (thickness)] was placed in boiling water {^oirt 
1 00*C) for 1 hour, followed by cooling with running water for 30 minutes. The water on the surface of the laminate was 
wiped off sufffolenHy, after which the laminate was allowed to float on a solder bath of about 260°C for 20 seconds to 
evaluate the soldering heat resistance of the laminate. Ths following standard was used for evaluation of aie soldering 
25 heat resistance; 

No blistering: O, 
Blistering: A. 

30 Example 1 

[01 18] Methyl ethyl ketone was added to a mixtuse consisting of 33.48% by mass of a phenol bsphenyi araikyl epoxy 
resin (epoxy resin 1 ), 25.43% by mass of a phenol biphenyl aralkyi resin (phenolic resin 1 ), 40.0% by weight of aluminum 
hydroxide, 0.30% by mass of a silans coupling agent and 0.23% by mass of a curing accelerator catalyst, to prepare 

3S an epoxy resin varnish containing 65% by mass of non-voiatiie components. 

[0119] Ths spoxy resin varnisfi was continuousSy impregnated into a glass fabric by coating, followed by drying in 
an oven of 120°C, to produce a prepreg. Eight such prepregs were laminated to prepare a (amlnate. The faminate was 
hot-pressed at nofC at a pressure ot 40 kg/cm^ for 20 minutes and then post-cured at 1 75°C tor 8 hours to obtain a 
giass-epoxy laminate having a thickness otf 1 .6 mm. 

to [0120] The (aminate v/as examined for flame retardancy, dielectric constant and moidability. The results are shown 
in Tabic 2. 

[01211 The epoxy resin varnish obtained in Example 1 was continuously impregnated into a glass fabric by coating, 
fofiowed by drying in an oven of 1 20°C, to produce a prepreg. Eight such prepregs were laminated to prepare a laminate. 
The laminate was interposed between copper foils (1 8 tjin in lhici<ness) and hot-pressed at 170=0 at a pressure of 40 
'^s kgfcm^ for 20 minutes and then post-cured at 1 75°C for 8 hours to obtain a copper-cfad gtass-epojty laminate having 

a thickness of 1 ,6 mm. 

[01 22] The copper ciad laminate was examined for soldering heat resistance. 
Exanpies 2 to 24 

56 

[0123] Laminates were produced in the same manner as in Example 1 except that there wens used flame-retardant 
epoxy resin compositions having the fonTiuiations shown in TaSJies 2 to 5. They were examined for flame retardancy, 
dielectric constant, moidability and soldering beat resistance. The results are shown in Tables 2 to 5. 

55 Comparativs Examples 1 to 14 

[0124] Laminates were produced in the same manner as in Example i except that there were used flame-retardant 
epoxy resin compositions having the formulations shown in Tables 6 to 8. They wers examined for flame retanJancy, 
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dielectric constant, mofdabiiity and soldering heat resistance. The results are shown in Tables 6 to S. 
Example 25 

s 101253 There were premixed, at ordinary temperature, 16.59% by mass of a phanol bipheny! arafkyi resin (phenolic 
resin 1 ), 12,57% by mess of a bisphenof A ^pe epoxy resin (epoxy resin'4}, 15.0% by mass of aluminum liydroxide, 
SS.0% by mass of a fused caished silica powder. 1 .40% by mass ol asiiane couplmg agent. 0,20% by mass of carnauba 
wax and 0.24% by mass of b-iphenyfphosphine (XP.P.). Jhe premix was l<neaded on a rol! of 1 00=C for about 5 minutes. 
The kneaded tnateriaf was cooled and ground to obtain a resin composition. 

10 [0126] The resin composition shown in Example 25 was compressed into tablets. The tablets were preheated to 
65«C and molded )n accordance with the UL 94 flame retardancy specification, using a transfer molding machine of 
single plunger type under the conditioris of injection time: 15 seconds, injection pressure; 100 kgfcm^ (working pres- 
sure), molding temperature: 1 75»C and molding time; 1 20 seconds. The molded material was post-cured at 1 75'C for 
6 hours to obtain a molded piate for flame retardancy test. 

w [0127] A semiconductor device for use in measurement of moisture resistance was produced as follows. 

[0128] On a 42 alloy frame for 1 8 pin DIP was mounted a silicon-made chip of 3.0 mm (tengtb) x 3,5 mm (width) x 
350 p.m (thtcl<ness) to which an aluminum wiring of 10 iim in both line width and line inten/als (70 iim x 70 |tm in the 
pad portion) had been applied. Then, to the pad portion was bonded a gold wiring of 28 ^im in diameter. The resulting 
material was encapsulated with the tablets of Example 25 using a transfer molding machine of single plunger type, 

20 underthe conditions of preheating temperature: a5°C, injection time: 1 5 seconds, injection pressure: 1 00 kg/cm^ (work- 
ing pressure), molding temperature: irs'C and molding time: 1 20 seconds, to produce a semiconductor device of 16 
pin DIP type of 18 mm (length) x 5 mm (width) x 3 mm (thickness). The device was post-cured at 175'>C for 4 houre 
to obtain a semiconductor device for use in measurement of moisture resistance. 



[01 29] Ten semiconductor devices of 1 6 pin 0 IP type obtained above were subjected to a pressure cooker bias test 
(PCBT) under the conditions of iZS'C, 100 RH%, 20 V (applied voltage), to measure atime when the circuit defective 
reached 20% (indicating that defective appeared In two of the ten devices). The time was taiten as an index of moisture 
30 resistance. TTiat is, when the time is longer, the moisture resistance of the device is better. 
[81 30] Moldability was evaluated according to the following yardstick, 

(Moldabilily) 

35 [0131] 

IWoldability is good; O 

oldability is low due to poor fluidity of impregnated resin: A 
IvJoldability is low due to oozing-out of silicone resin: A. 

40 

[0132] The results of evaluation are shown in Table 9, 
Examples 26 to 30 

45 {0133] MokJed materials were produced in the same manner as in Example 25 except that there were used flame- 
retardant epoxy resin compositions having the formulations shown in Table 9. The molded materials were examined 
for flame-retardancy, moisture resistance and moidability, The results are shown in Table 9. 

Comparative Examples 15 to 17 

[0134] Hflolded materials were produced in the same manner as in Example 25 except that there were used flame- 
retardant epoxy resin compositions having the fpnmulations shown in Table 10. The molded materials were examined 
forflatne-relardancy, moisture resistance and moidability. The results are shown in T^le 10. 

55 
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[0135] As seen from the results of the above tables, the ftame-retarcJant epoxy resirt compositions according to ths 
present invention aro supertof in fiame-retardancy to those of Comparative Examples according to the prior art. It Is 
also seen that effective improvements in properties such as dieloclric properties, motdabitity, soidering heat rGsistarce, 
moisture resistance and Ihs lilte are possible by appropriately setting the addition amount of metal hydroxide. 

Example 31 

[0136] 41 phr of methyf ethyl icetone was added to 100% by mass of a mixture consisting of 25.41% by mass of a 
phenol phsnyiene aralkyi epoxy resin (epoxy restn 2), 19.01% by mass of a phenol phenylene arail<yi resin (phenolic 
resin 2), 55,0% by weight of aluminum hydroxide B. 0.55% by mass of a silane coupting agent B and om% by mass 
of a curing accelerator catalyst B, to prepare an epoxy restn varnish containing 71% by mass of non-volatile compo- 
nents. 

[0137] The epoxy resin varnish was continuousiy Impregnated into a glass fabric by coating, followed by drying in 
an oven of 120°C, to produce a prepreg. Seven such prepregs were laminated to prepare a iaminate. The laminate 
was hot-pressed under predetermined conditions {temperature elevation rate : S'C/min, keeping at 1 SCC for 1 hour, 
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cooiing to SO^G in 30 minutes, 32 kg/cm^) to obtain a glass-epoxy laminate of 1 .6 mm in thickness. 

[0138] The g!ass-epoxy laminate was measured tor high-temperature bending property and Ihemia! decomposition 

property under the following conditions. 

5 (1) High-temperature bending test 

[0139] JlS-C-e481, test speed: 0.8 mm/min, span; 25.6 mm, test piece size: 25 mmxSO mm x 1 .6 mm, test temper- 
ature: awc, no notch. 

»e (2) Method for thermal decomposition 

[0140] Temperature elevation was made from room temperature to SOO^C orSOO'C at a temperature elevation rate 
of 10°C/min at an airflow rate of 0,2 liter/min. 

[0141] Seven prepregs obtained in Ex^pte 31 were laminated, The resulting laminate was imerposed between 
*5 copper toils (1 6 jun in thickness) and hot-pressed under predeterniined conditions (temperature elevation rate: S'C/ 
min, keeping a! ieo»C for 1 hour, cooling to SO'C in 30 minutes, 32 kg/omSj to obtain a copper-clad gtass-spoxy 
laminate of 1.6 mm in thickness. The oopper-clad laminate was examined for soldering heat resistance, 
[01 42] Similarly, Examples 32 to 43 , Comparative Ex^ptes 1 8, 1 9 and 24 and Reference Examptes 25, 26, 2S and 
30 were carried out (however, these examples were different in content of non-volatite components and molding pres- 
20 sure). TTie results are shown in Tidies 1 1 to 14. 

Comparative Exampie go 

[01 43] There were prepared a solution A obtained by dissolving dicyandiamide in DM F (dimethyiformamlds), and a 
ss solutiorj B obtained by dissotvtng a bisptienol A type epoxy resin, aluminum hydroxide B anti a silane coupling agent 
B in msftyi ethyt ketone. The solution A and the solution B were mixed to prepare a mixed sofutlon C. Thereto was 
added a curing accelerator catalyst B to produce an epoxy resin varnish containing 68.0% by mass of non-volatile 
components. The non-volatii© components In the varnish is a mixture of 1 .89% by mass of dicyandiamide, 42.46% by 
mass of the bisphenol A type epoxy resin (epoxy resin 5), 55.0% by mass of aluminum hydroxide B, O.S5% by mass 
30 of the silane coupling agent B and 0.10% by mass of the curing accelerator catalyst B. The volatile components in the 
varnish are a mixed solvent consisting of 41 phr (relative to 100% by mass of the above mixture) of methyl ethyl icetone 
andephrof DMF. 

[0144] The epoxy resin varnish was continuousiy impregnated into a glass fabric by coating, followed by drying In 
an oven of 130">C, to produce a prepreg. Seven sucii prepregs wsre laminated. The resulting laminate was hot-pressed 
3S under predelermined conditions (temperature elevation rate: S°C/min, l^eeping at 1 BCC for 1 hour, cooling to 80°C in 
30 minutes, 32 i(9/cm2) to obtain a glass-epoxy laminate of 1 .6 mm in thickness. 

[0145] Seven prepregs obtained in Comparative Example 20 were laminated. The resulting laminate was interposed 
between copper foils (18 jun in thickness) and hot-pressed under predetemiined conditions (temperature atevation 
rate: 5*C/min, Iteeping at 1 BO'C for 1 hour, cooling to 80*C in 30 minutes, 32 kg/cm^) to obtain a copper-clad glass- 
*> epoxy laminate of 1 .6 mm In thickness. 

[01 46] The copper-clad laminate was examined for soldering heat resistance. 

[01 47] Simi larly, Comparative Examples 21 , 22 and 23 and Reference Examples 27 and 28 were carried out (how- 
ever, these examples were different in content of non-volatile components and molding pressure). The results are 
shown in Tables 13 to 14. 

45 [0148] As seen from the results of the above tables, the tiame-retardant epoxy restn compositions according to the 
present invention are superior in ffame-retardancy to those of Comparative Examples according to the prior art. It is 
also seen that effective improvements in properties such as dielectric properties, moldabitity, soiderfng heat resistance, 
moisture resistance and the like are possible by appropnatsly setting the addition amount of metat hydroxide. 
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industrial Applicabiiity 

[0149j As described above, the il^e-retardanl epoxy resin composition of the present invention comprises a plie- 
nolic resin (C) containing, in the molecuiar chain, structuraf units derived from a plienol (A) and structural units derived 

6 from an aromatic ccmpound (B) and/or an epoxy resin (D) obtained by subjecting the phenolic tiydroxyi groups of the 
piienoSic resin (C) to etherifioation witii giycidyl, and futtiier comprises a nnstal fiydroxide. Therefore, the composition 
can express high f lanne rstardancy and safety, both unobtainable with the prior art. Wher> used partict lariy in production 
of a laminate, Ihe composition can aiiowtlie iaminate to have high flame retardancy while maintaining the properties 
required for the laminate, such as processability, cfielectno properties, moisture resistance, soiderltig heat resistance 

JO and the like, at satisfaototy levels. 



Claims 

is 1. A fiartie-retardant epoxy resin composition comprising an epoxy rosin, a curing agent and a metal hydroxide, 

wherein the curing agent is a phenotic resin (C) containing, in a moieojiar chain, a structural unit derived 
from a phenol (A) and a structural unit derived from an aromatic compound {B) otherthan the phenoi (A), 

2. A tfame-retardant epoxy resin composition comprising an epoxy resin, a curing agent and a metai hydroxide, 

20 wherein the epoxy resin is a novolac epoxy riesln (D) obtained by giycidyletherifying a phenotic hydroxy! 

group of a phenolic resin (C) containing, in a molecular chain, a structural unit derived from a phenol (A) and a 
stmctural unit derived from an aromatic compound <B} otherthan the phenol ^A). 

3. A flame-retardant epoxy resin composition comprising an epoxy resin, a curing agent and a metai hydroxide, 

25 Wherein the curing agent is a phenoiic resin (C) containing, in a molecular chain, a structural unit derived 

from a phenol (A) and a structural unit derived from an aromatic compound (B) other than the phenoi {A}, and 

the epoxy resin is a novoiac epoxy resin (D) obtained by glycidytetherifying a phenolic hydroxy! group of a 
phenoilc resin (C") containing, In a molecular chain, a structural unit derived from a phenoi [A") and a stnjctura! 
unit derived from an aromatic compound (B') other than the phenol {A"). 

30 

4. A flame-retardant epoxy resin composition according to Ctaim 1 , 

wherein the aromatic compound (8) is a compound selected from the group consisting of biphenyl and its 
derivatives, benzene and its derivatives, diphenyl ether and its derivatives, naptrthatene and its derivatives, an- 
thracene and its derivatives, fiuorene and its derivatives, bisphenoi ffuorene and its derivatives, bisphonoi S and 
35 its derivatives, bisphenoi F and Its derivatives and fatsptienol A and its derivatives. 

5. A ftame-relardant epoxy rssin composition according to Ctaim 2, 

wherein the aromatic compound (B) is a compound selected from the group consisting of biphenyl and its 
derivatives, benzene and its derivatives, diphenyl ether and Its derivatives, naphthalene and Its derivatives, an- 
'»> thracene and its derivatives, fiuorene and Its danvatives, bisphenoi fiuorene and its derivatives, bisphenoi S and 
its derivatives, bisphenoi F and Its derivatives and bisphenoi A and its derivatives. 

6. A ftame-relardant epoxy resin composition according to Claim 3, 

wherein the aromatic compound (B) is a compound selected from the group consisting of biphenyi and its 
^5 derivatives, benzene and its derivatives, diphenyi ether and its derivatives, naphthalene and its derivatives, an- 

thracene and its derivatives, fiuorene and its derivalives, bisphenoi fiuorene and its derivatives, bisphenoi S and 
its derivatives, bisphenoi F and its derivatives and bisphenoi A and its derivatives. 

7. A flame-retardant epoxy resin composition according to Claim 1 , 

50 wherein the phenolic resin (C) has a recurring unit represented by either of the following formulas (1) to (fV) : 
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(wherein and Xg are each independently a C^.^ unsaturated chain structure iinking group, or a C^^ substituted 
or unsubstituted alky lene group; and R, is a phenylene group, a biphenylerje group or a group derived from these 

groups). 

A fiame-retardant epoxy resin composition seconding to Claim 2, 

wijerein the phenolic resin {C) has a recurring unit represented by either of the following f onnulas (!) to (IV) : 
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X— R, — Xj- 



(li) 



X— R, ' 



ail) 



X™R,— -Xj 



(wherein and Xjsre each Independently a C^.^ unsatumted chain structure linking group, or a C^.^ substituted 
or unsubstiluted alkylene group; and Is a phenylene group, a biphenyisne group or a group derived from these 
groups). 

9. A fiame-retardant epoxy resin composition according to Claim 3, 

wherein the phenolic resin (C) has a recurring unit represented by either o* the following fonnulas (i) to (!V); 




OH 



ai) 
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Xr-R,- 



011) 



X~ R, — Xj- 



(wherein and Xj are aach independently a C^.g unsaturated chain structure linking group, or a C^.^ suijsntofed 
or unsubstituted aikyiene group; and is a plienylene group, a biphenylene group or a group derived from these 
groups). 

i. A flame-retardantepoxy resin oomposition according to Claim 1 , 

wherein a content of the metal hydroxide is 1 0% by mass to 70% by mass relallve to a total amount of the 
flame-netardant epoxy resin composition. 

i. A ftsme-retardant epoxy resin composition according to Claim 2, 

wherein a content of the metal hydroxide Is 1 0% by mass to 70% by mass relative to a total amount of the 
fiame-retardant epoxy resin composition. 

i. A fiame-retardant epoxy resin composlHon according to Ciaim 3, 

wherein a content of the metal hydroxide is 10% by mass to 70% by mass relative to a total amoufit of the 
fiame-retardant epoxy resin composition. 

i. A Hame-retardant epoxy resin composifion according to Ciaim 1, 

which furthercomprlses a silicone compound of a branched structure main chain having an aromatic-derived 
group. 

(. A fiame-retardant epoxy resin oompositfon according to Ciaim 2, 

which further comprises a silicone compound of a branched struaure main chain having an aromatic-derived 
group. 

1, A fiame-retardant epoxy resin composition according to Ciaim 3, 

which further comprises a siiicone compound of a branched structure main chain having an aromatfc-derived 

group. 

I. A fiame-retardant epoxy resin composition according to Ciaim 13, 

wherein a content of the metal hydroxide is 5% by mass to 70% by mass relative to a total amount of the 

fiame-retardant epoxy resin composition. 

'. A fiame-retardant epoxy resin composition according to Ciaim 14, 

wherein a content of the metal hydroxide is 1 0% by mass to 70% by mass nstative to a total amount of the 
fiame-retardant epoxy resin composition. 

1. A ilame-retardant epoxy resin composition according to Ciaim 15, 

wherein a content of the metai hydroxide is 10% by mass to 70% by mass reiative to a total amount of the 
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f lame-retardant epoxy resin composition. 



18. A flame-retardant epoxy resin composiljon according to Claim 13, 

wherein tfte silicone compound contains an unit (T jnit) represented by the fofmula RSi&, 5. 

5 

20. A flame-retardant epoxy resin composition according to Claim 14, 

wherein the silicons compound contains an unit (T unit) represented by the formula RStO^ j. 

21. A flame-retardant epoxy resin composition according to Claim 15, 

JO wherein the silicone compound contains an unit (T unit) represented by the fomu!a RSIOi^. 

22. A flame-retardant epoxy resin composiiion according to Ctaim 13, 

wherein the silicons compound contains a group reactive with the epoxy resin and/orlhe curing agent. 

ts 23. A fiame-netardant epoxy resin composition according to Claim 14, 

wherein the silicone compound contains a group reactive with the epoxy resin and/or the curing agent. 

24. A flame-raterdant epoxy resin composition according to Claim IS, 

wherein the silicone compound contains a group reactive with the epoxy resin and/or the curing agent. 

20 

25. A fiame-retardant spoxy resin composition according to Claim 22, 

wherein the reacfive group is hydroxy! group, C^.^ alkoxy group, epoxy group orcarboxyl group. 

26. A flame-retardant epoxy resin composition according to Claim 23, 

2S wherein the reactive group is hydro!o/f group, C1.5 alkcxy group, epoxy group orcarboxyl group, 

27. A flame-retardant ^oxy resin composition according to Claim 24, 

wherein the reactive group is hydroxy! group, C,.5 alkoxy group, epoxy group orcarboxyl group. 

so 28. A flame-retardant epoxy resin composition according to Claim 1 , 

which is used for impregnation into a substrate and subsequent curing for torniation of a laminate. 



29. A flame-retardant epoxy resin composition according to Claim 2, 

which is used for impregnation into a substrate and subsequent curing for formation of a laminate. 

ao. A flame-retardant epoxy resin composition according to Claim 3, 

which is used for impregnation into a substrate and subsequent curing for fonnation of a laminate. 



31. A ftame-retardant epoxy resin composition according Jo Claim 1, 

40 whsrefn the metal hydroxide fs a metal oxide containing at least one element selected from the group con- 

sisting of aluminum, magnesium, zinc, boron, calcium, nickel, cobatt.tin, molybdenum, copper, iron and titanium. 

32. A flame-relardant epoxy resin composition according to Ctaim 2, 

wherein the metai hydroxide is a mata! oxide containing at least one element selected from the group con- 
■*s sisting of aluminum, magnesium, zinc, boron, calcium, nicl<el, cobalt, tin, molybdenum, copper, iron and titanium. 

33. A fiame-retardant epoxy resin composition according to Claim 3, 

virtierein the metal hydroxide is a metai hydroxide containing at least one efement selected from the group 
consislSng of aluminum, magnesium, zinc, boron, calcium, nickel, cobalt, tin, molybdenum, copper, iron and tita- 
so nlum. 



34. A tlame-retardanl epoxy resin composiiion according to Claim 31 , 

wherein the metal hydroxide Is aluminum hydroxide, magnesium hydroxide or zinc borate. 

ss 36. A flame-retardant epoxy resin composition according to Claim 32, 

wherein the metal hydroxide is aluminum hydroxide, magnesium hydroxide or zinc borate. 
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wherein the metal hydroxide is aluminum hydroxide, magnesium liydroxicie or Zinc borate. 

37. An epoxy resin varnish solution obtained by dispersing the flame-retardant epoxy resin composition set forth in 

Claim 1. in an organic solvent. 

s 

38. An epoxy resin varnish eolutlon sbtained by dispensing the flame-retardant epoxy resin composition set forth in 
Claim 2, !n an organic solvent. 

39. An epoxy resin varnish solution obtained by dispersing the flame-retardant epoxy resin composition set forth in 
»o Claim 3, in an organic soivent 

40. A prepreg obtalnsd by impregnating the fiame-netardant epoxy resin composition setforti? in Claim 1, into a sub- 
strate and curing the impregnated composition. 

« 41 . A prepreg obtained by impregnating the fiame-netardant epoxy resin composition set forth in Claim 2, into a sub- 
strate and curing the impregnated composition, 

42. A prepreg obtained by Impregnating the fiame-retardant epojw resin composition set forth in Claim 3, into a sub- 
strate and curing the Impregnated composition. 

so 

43. A taminate obtained by impregnating a flame-retardant epoxy resin composition comprising an epoxy resin, a 
curing agent and a metal hydroxide, into a substrate, curing the impregnated composition to obtain a prepreg, 
taminating a piurafity of the prepregs. and hot-pres.'Sing them. 

wherein tbs curing agent is a phenolic resin (C) containing, in a molecular chain, a structural unit derived 
?5 from a phenol (A) and a stmcturai unit derived from an aromatic compound (B) other lhan the phenol (A). 

44. A laminate obtained by impregnating a fiame-retardant epoxy resin composition comprising an opoxy resin, a 
curing agent and a metat hydroxide, into a substrate, curing the impregnated composition to obtain a prepreg, 
laminating a pluraiily of the prepregs, and hot-pressing them, 

30 wherein the epoxy resin is a novolac epoxy resin (D) obtained by glycidyletherifying a phenolic . hydroxy I 

group of a phenolic resin (C) containing, in a molecular chain, a structural unit derived from a phenol (A) and a 
structural unit derived from an aromatlc'compound (B) other than the phenol (A}, 

45. A laminate obtained by Impregnating a flams-retardant epoxy resin composilton comprising an epoxy resin, a 
35 curing agent and a meta! hydroxide, into a substrate, curing the impregnated composition to obtain a prepreg, 

laminating a plurality of the prepregs, and hot-pressing them. 

wherein the curing agent is a phenolic resin (C) containing, in a molecular chain, s structural unit derived 
from a phenot (A) and a stnytetureJ unit derived from an aramatic compound (B) other than the phenol (AJ, and 

the epoxy resin is a novolac epoxy resin (D) obtained lay glycidyletherifying a phenolic hydroxy! group of a 
40 phenotic resin (C) containing, in a motecular chain, a structural unit derived from a phenol (A') and a structural 
unit derived from an aromatic compound (B') other lhan Ihe phenol {A'). 

46. A laminate according io Claim 43, 

wherein the aromatic compound (B) is a compound selected from the group consisting of bipheny! and its 
■^s derivatives, benzene and its derivatives, dfphenyl ether and its derivatives, naphthalene and Its derivattves, an- 

thracene and its derivatfVQS, fluorene and its derivatives, bisphenol fiuorens and its derivatives, bispheno! S and 
its derivatives, bisphenol F and Its derivatives and faisphenoi A and its derivatives. 

47. A laminats according to Claim 44, 

so wherein the aromatic compound (B) is a compound selected from the group consisting of biphenyl and its 

derivatives, benzene and its derivatives, diphenyl ether and its derivatives, naphthalene and its derivatives, an- 
thracene and its derivatives, fiuorene and its denvatives, bispheno! fluorene and its derivatives, bisphenol S and 
ite derivatives, bisphenol F and Its derivatives and bisphenol A and Its derivatives. 

S5 48, A laminate according to Claim 45, 

vi/herein the aromatic compound (B) is a compound selected from the group consisting of biphenyl and lis 
derivatives, beniene and its derivatives, diphenyl ether and its derivatives, naphthalene and its derivatives, an- 
thracene and its derivatives, fiuorene and its denvatives, bisphenol fiuorene and its derivatives, bisphenol S and 
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its derivatives, btsphenol F and its decivalives and bisphenol A and its derivatives, 

49. A iaminate according to Claim 43, 

wherein the phenotic resin (C) has a recurring unit represented by either of the foliowing formulas {!) to (!V): 



OH 




(wtierein X, and are each independently a C^.^ unsaturated chain structure linl(ing group, or a Ci.g substituted 
or unsulastitutsd alkylene group; and is a phenyiene group, 3 biphenylene group ora group derived from these 

groups). 

50. A iaminate according to Claim 44, 

wlierein the phenolic resin (C) has a recurring unit represented by either of the following formulas Ci) to (IV) : 
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OH 



(11) 



(IH) 



■X— R.—Xj- 



(wherein Xi and Xg are each independently a 0^.^ unsaturated chain stfucwre linking group, or a C^^ substituted 
40 or unsubstituted alkyiene group; and Is a phenyiens group, a biphenyiene group or a group derived from these 
groups), 

51. A laminate according to Claim 45, 

wherein Ihe phenolic resin (C) has a recurring unit represented by either of the f oiiowfng formufas (I) to (IV): 




■X—H, — 
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(ID 



(iH) 



(IV) 



(wherein and Xg are each independently a C^^ unsaturated chain structure linking group, or a C^^ substituted 
or unsLtbstituted afkytene group; and is aphenylene group, a btphenylene group or a group derived from these 
groups). 

52. A laminate according to Claim 43, 

wherein a content of the metal hydroxide is 10% by mass to 70% by mass relative to a totaf amount of tlie 
flame-retardant epoxy resin composition. 

53. A laminate according to Claim 44, 

wherein a content of the metal hydroxide is 10% by mass to 70% by mass relative to a total amount of the 
flame-retardant epoxy resin composition, 

54. A laminate according to Cfalm 45, 

wherein a content of the metal hydroxide is 10% by mass to 70% by mass relative to a total amount of the 
flame-relardant epoxy resin composition. 

55. A taniinate according to Claim 43, 

which further comprises a silicone compound of a branched structure main chain having an aromatic-derived 



so SS. A laminate according to Clainrj 44, 



whicti further comprises a silicone compound of a branched structure main chain having an aromatic-derived 



57. A laminate according to Claim 45, 

which further coniprises a silicone compound of a branched structure main chain having an aromatic-derived 
group. 

58. A laminate according to Claim 43, 
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wherein a content of the metal hydroxide is S% by mass to 70% by mass relative to a total amount of the 
flfflne-retardant epoxy resin composition. 

59. A Isminate according to Claim 44, 

wherein a content of the mstal hydroxide is 5% by mass to 70% by mass relative to a total amount of the 
flame-retardant epoxy resin corrtposifion, 

60. A laminate according to Claim 45, 

wherein a content of the metal hydroxide is 5% by mass to 70% by mass relative to a total amount of the 
f lame-rstardarjt epoxy resin composition . 

61. A laminate according to Claim 43, 

wherein the silicone compound contains an unit (T unit) represented by the fomnula RSIOi,^. 

62. A laminate according to Ciaim 44, 

wherein the silicone compound contains an unit (T unit) represented by the fomiula RSiO^ g. 

63. A iaminate according to Claim 45, 

vrfierein the silicone compound contains an unit (T unit) represented by the fonnola RSiOi,5. 

64. A laminate according to Ciaim 43, 

Wherein the silicone compound contains a group reactive with the epoxy resin and/or the curing agent. 

65. A laminate according to Ciaim 44, 

wherein the silicone compound contains a group reactive with the epoxy resin and/or the curing agent. 

66. A laminate according to Claim 45, 

wherein the siiicore compound contBins a group reactive with the epoxy resin and/or the curing agent 

67. A laminate according to Claim 43, 

wherein the reactive group is iiydroxyl group, C^.g aikoxy group, epoxy group or carboxyi group. 

68. A laminate according to Ciaim 44, 

wherein the reactive group is hydroxyl group, C.,.g aikoxy group, epoxy group or carboxy! group, 

69. A laminate according to Claim 45. 

wherein the reactive group is hydroxyl group, Cj,5 aikoxy group, epoxy group or carboxy! group. 

70. A laminate according to Claim 43, 

wherein the metal hydroxide is a metal oxide containing at least one element 
sisfing of aluminum, magnesium, zinc, boron, calcium, nickel, cobalt, tin, molybdenum, 

71. A iaminate according to Claim 44, 

wherein the metal hydroxide is a metal oxide containing at least one element sei 
sisting of aluminum, magnesium, zinc, boron, calcium, nickel, cobalt, tir>, molybdenum, 

72. A laminate according to Ciaim 45, 

wherein the metal hydroxide is a metal oxide containing at least one element sei 
sisting of aluminum, magnesium, zinc, boron, calcium, nickel, cobalt, tin, molybdenum, 



lected from the group con- 
copper, iron and titanium, 



iected from the group oon- 
copper, iron and titanium. 



iected from the group con- 
copper, iron and titanium. 



73. A laminate according to Claim 43, 

wherein the metal hydroxide is aluminum hydroxide, magnesium hydroxide or zinc borate. 

74. A laminate according to Claim 44, 

wherein the meta! hydroxide is aluminum hydroxide, magnesium hydroxide or zinc borate. 

75. A iaminate according to Claim 45, 

wherein the meta! hydroxide Is aluminum hydroxide, rnagnesium hydroxide or zinc borate. 
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76. A laminate according 1o Ciaim 43, 

which satisfies ihe following conditions (a) to (d) : 

(a) 4S£a g100,3SES12 

[wherein 0 is a bending strength (MPa) of 1!ie laminate at230±10°C and E is a fJexural modulus (GPa) of tiie 
laminate at 230±10»C], 

(b) 30SGS60 

[wherein G Is a proportion (mass %) of the sulsstrate in a total amount of the laminate], 

(c) FS45 (mass %), F {mass %} = RxlOWX 

(wtierein R is an amount of a thermal decomposition product other than water, generating from a room tem- 
peraiure to 5t}0°C, and X is a content of the resin in the laminate), and 

(d) 4SVS13 

[wherein V is an amount (V mass %) of a water vapor generating from a room temperature to SOO'C, relative 
to a total amoLint of tfie laminate, when the laminate is subjected to themial decomposition al a temperature 
elevation rate of 1 0°C/mirt at an air flow rate of 0.2 liter/minj. 

77. A iaminate according to Claim 44, 

which satisfies Ihe following condifions (a) to (d) : 

(a) 4SSaS100,3^E^12 

[wherein cr is a banding strength (MPa) of the laminate at230±10"C and E is a fiexural modulus (GPa) of the 

laminate at 230±1 O^C], 

(b) 30gGseO 

[wherein G is a proportion (mass %) of the substrate irs a total amount of the faminatej, 

(c) Fg45 (mass %), F (mass %) = Rx1 00/X 

(wherein R is an amount of a thermal decomposition product other than water, generating from a room tem- 
perature to 500° C, and X is a content of the resin in the laminate), and 

(d) 4SVS13 

[wherein V is an amount (V mass %) of a water vapor generating from a room temperature to SOO'C, relative 
to a total eonount of the iaminate, when the laminate is subjected to thermal decomposition at a temperature 
elevation rale of 1 0'C/min at an air flow rate of 0.2 liter/minj- 

78. A laminate aooordtng to Claim 45, 

which satisfisB the following conditions (a) to (d) : 

(a) 45Sc!g 100, 3sEg12 

[whersin o is a bending stnength (MPa) of the laminate at 230±f O'C and E is a fiexural modulus (GPa) of the 
iaminate ai 230±10''C], 

(b) 30SGS60 

[wherein G is a proportion (mass %) of the substrate in a total amount of the laminate], 

(c) FS45 (mass %), F (mass %) « F!x100/X 

(wherein B is an amount of a thennal decomposition product other than water, generating from a room tem- 
perature to 600"C, and X is a content of the resin In the iaminate), and 

(d) 4SVS13 

[wherein V is an amount (V mass %) of a water vapor generating from a room temperature to 500°C, relative 
to a total amount of the laminate, when the laminate is subjected to thennal decomposition at a temperature 
elevation rate of 10'C/min at an airflow rate of 0.2 fiter/min]. 
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